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We present restrictions on the Couplings Of %CrO m;,sS PomerOllF 
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When one a.:;c:rihcs the n~echanism res possible Toi- a:;ymI)toticnlly 

const.;r.t tot;1 cross sections or diffractive hehaviour in general to tile 

prc I; cnce of an i sol~.t~:‘rl J-.pla TIC pole (fixed or moving) u:ho:s c t : 0 inter- 

cept is [lrr:riscly one, strong restrictions arc required on the various 

cox~~lin~s~ of ti;r ol$:,ct ~~ssociatecl \vith that pol~c (the Pomeron). The 

lrioct ancient of tlii~,scT is the necessity that Pornero11s of %fl’O mass decoupl~e 

in l~~?~l?i,. f2e737.c r~~!oclcls for p:trt:clc production in order to make then1 con- 

sis!rc;it w;t,h i;llitr.rity. ’ Also in the ‘I resgeon raI~c~Ilu5” mcrdcl of high cncrgy 

beh2vi10nr il. appcai-s to Lc necessary that certain triple Po~ncron couplings 

vanirh for tllc ambiiiou5 prograI~-I there envisimlrd to be self conrislent. 
2 

FrrI-thcr, it is noa !cno:r.n that the three Pomeron vertex measured in inciu- 

six*<: pi.oc:e:;s~~‘5 must. var!isb when all icgs 
3, 4~ 

car::-y Y,C10 illi,!-s. In tLi,s paper, 

Xi<! pl-opo”’ to us< tl!e l;ilicr fnct to::illi-~t:I- \vith l,ounds on I:e~;~~colJ p.avti cle 

xb::ct~pl,ive parl.5: to provide very strikinq co115 traints on Por1c?ron cC~uplin~s. 

2 
Our st;rrl~ir!g point, is Lo consider Ihe \v - (:hilllnt?l~ absrrrptivt par-t, 

ni~*,c(\i;~~, t(0) I q2, Cl) , 01 the “p’.l.‘c.“““‘l : 
il 

Rr!g>:eon or m:llr~lcntl!Ill q , cr>ii1, 
a 

u ( q ” ) J \V2-cl~;rr~nCl hc1icil.y a, plil~ a xpinlesi pArLir:lC b of n,nss *T1 
.i 

I, go,ng 

to ::o,‘lic ::yi:lr!,?l (1 01: ,no,,:i:ill:u~-II q 
c 

arlrl, for s;;il~:iplicily, 111<; .?a,,~1c: rpi:,lcs s 

p2rliclc 1, (see ligurc 1). L\‘t? eshil~it the dcp<‘n~l~:ncc of A 
\v 2 

011 I’? = ha-l P,,J2. 

t = (C! - c, )2 
2 

‘a c 
<fVii 1ua I cd at. \\’ .- challncl :: cat.l.cri~:i; nnglc !I, 

L 2 
(1 q a’ c’ 1hc w L- 

cllanncl hclicil y a, xnd sC>lht: 21~1sI cr varicil,l(:s: c for t,hi: Cil,ici:t of n~omcm- 

Llllli qc. ‘This:: iil>sor1~1 ix,<. jnrt: 1.l;~ till, ui;l~31 ~I:I”‘“:j’.llt;ll.i~,li ;I$ ;L ~11111 OVC’I: 

ilrI~,I-n~c~[ii~Il~~ :;ltai~:s 
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2, qz) =: i(2n)“ 27 Ta+beNN(W2, qz) T~.,-,(\V?~f) 

N 

x 64kla+ Pb- P,)> (1) 

w!: E ri ‘J j, s t. T I c in. ‘- &’ nn~plit:ud~~ indicated. 

t>y n::in;p the ~auchy-Schwartz i,,cquality 012 thi,s sum, WC may bou,nd it 

v:ithjn tlio Lcllmann ellipse, 
4 

above, by the product of absorptive parts for 

tl,<: cl~a:~tic procc~scs a-tkb- ai-l> and c-!b- cih. That is, for 0 :: +tijwe \irite5 

I*~~_ (LVf tit;:-I- id), q’* 
J’G 

d ‘C :, <I;) 1’ (*z1_a (W’, t(i+), q‘f, CL;) x 

X *‘J- c (W”, t(i+), cl,“, q:J. (2) 

IYe Y~.F;L~~ to USC tlij~s in Lhe case whcr the Regi;c~>n a is a I’omt~ron wi.th qz= 0, 

for Ll,en the vaili?lling of the leading; as ymptoti c bc!7aviour on the right hzncl 

t;jc!c: of (2) has i~mplications for the cocpl,ini;:s appcxying 011 the left. 

First, b’c: rccal~l t!,;ll in nn incluii~;e process at large ;~ncidcnt cner:;y, 

2 
fixed rnissin:: nXl.ss and I:lon?entum transri:r OliC Illcasurcs the hi ahsoq’tive 

p:r 1-i or the in;‘ ~~:imull-i fl~ip f..channel helicity am;~litud~ for Rc~;,~e<?n 11article 

h w 
sc~Il~Lel~lll~. To CTOYS r1-0711 ha-;, fo7 qz :: 

R 
0 to t-channcI mnpl itodr~5, \ve 

1.c,s,(.~l:l~icI. ti,;1t t’le helicily C,~‘O’Sil,~, (7~ mat~i,cc for li~htli!~:c~ znornc~lta is 

SiI,,t’lC:, and illClC~~d, 

A 
w 
a.-;i(1\.: 1, 0, 0) :~ Al -r,(w2,t, 0, O), (3) 

\vl~j~r!, rcl~af:ioii \:‘c slrall \\;ant to conl,inue tc con~pl’cx hClicjlic.9. Now WC a 1‘e 

;sblc IV0 writ,<, i!lC: II:1 i:ic i,l;cqu;‘Iily (2) in ternIs 01 the t-ch:l~~~l~cl arl>pliI:Ude 

i~nrit :;uri-d ill j!‘~~.l~ri:ivr pvorcsscs 

1 Ail’-,:I ii’?, t 2. 
I\ 

, 
I($1 i+), 0, qz))’ -< AFi, -a(\\r , t(i+), 0, 0) X.?c.-c (v&i+), c,;, ,E), 

(‘1) 
\i i I c 1.C’ :: , 1 _,. 
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~,et U.T ask <or l.hc asymptotic behaviour in W2 of each side of (4) for 

t.11e case <i:~o, so tLC! on the ri!:ht hand side. Further, the Reggcon is taken 

to hc the! t’i?,-!leron V.‘l~.~Cll \v(: assuInc to be ii pole \ViLh up(o) :: 1. \\‘I2 know 

iron, the .2r~;Lllilent~~ in Ref. 3 t~hrtt the asymptotic behaviour of At 
1, -1 

is not 

(\\r2)Qp si~nce thr three Pomeron couplic: in t.hat hclicity confi:;uratim 

vani::hcs for q 
2 

~~~ 0, t:: 0, SO v;tz must have AL 
il 1 -1 -d) 

aN(O) 
whe::e cIN(0) 

i:; the ne:::: i;jn~;nlarit:y we encour~ter and would nxost likely be C :.. Now the 

asymptol~ic i,lequali~ty reads 
%np(L) rip(O)) -I~ UN(O) 

:: 
5 %?P’N 

(5; 

m~llexe the ~oui:~Iirl!:r: g (v,~it.li I’! 2- channel hclicity i,ndices) incorporate the 

]-Icgp,con/Iv~~o particle xzcrtices which we assl;mc not to vanish. Ln the 

rey,linc i\:li.J~i, the ilicq;mlity (4) holds, x\.hich is esrei,lt;:Llly 3.11 spcc-1,ike 

t, wlIc11c.~~Cl~ 

2a#) ’ rip(O)) + n,JO) s (6) 

(5) rcq:;li:T s tllrl t 

~l~‘c~p (0, qz, t) = 0 (7 ) 
In OL!lc!~ v.,ords, ii I’r~mlc~ol~ or 7..ero ,llass aiid I1clicit.y ill ImuSt. dccouplc - 

fI-on, an)- i;tnl~c.cli ,~l,.i>::: ‘1 
2 and ;~r~~oi:l~er I’o~nc~on ruhj<jcL: Lo (6) 7(Figlixc 2) 
c 

%‘hj :I i 5, in ;: ::c~ise, a nrodi:l indcl>cnrlcnl. ~;_i!,i(11.~li~~~Li~,;j of the Yesnll:s 

of Ref. 1. 

‘JThc <:<>iii>litli: 
2 

in (5) 0~ (7) r:c:i<,I.5 al1 hcliiitii:!; 1.0 Ihi: 1’; .- cll.:~!nel, 

but sinci‘ Lhir t~ansil~io:1 10 any 1rclicii.y sl:ntc of c mus1: vani:.h. wc call 

coi~clt~rii~ in,lrlcdi;rlcly L.h:tl (7) l~i~l~li l<,r I:-c!lanncl h~:licity vcrticc::; as 
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well (bca ring Eq. (3) in mind) Furthermore, if the system c is character- 

may uic I:ener~l~ L,C,~-WI~Z pr~pcrtics of three particle or Reg:,‘eon couplings 

2 
to c~n~i~rl~ frc.;:; i:q. (7) that the coupling gpIJ .(O, t, q ) (which appears in 

c, c 

the Pon~cron-parti< le scs7ttering amplitude P(0) t- b - P(t) t h’ \vhcre c is 

eschan~~xd and (T, - pb, )). :: q; ) also \~anishr:r. These remap-!cs will be 

~Ia1,or;ti.d on in an c?;pmr!cd \‘C1‘S1OT, of !:h1 6 pnper. 

011 the ba,si~s oi this last obcervxtion, \ve may go back to the Pomcron 

particle ;rl~s~,~-pli~ve pzrt A 1--1 w (W”, 0, 0, 0) and nol~c tha!: no t-channel Ke~;:;‘on 

0~ partj~cle cxchan~c! can contribilt~c to its asymptotic beilaviuur. Hence, the 

&T 
ai,.soq’!i~Y ]‘“‘t A :..-I ( w2, 0, 0, 0) dccrerri;cs fai;,.c,. t!~;i:ii ;I!,;, po\~‘ei- of :V2 as ___-_-- _..._,_ -.-..-~-_. 

Jr,,‘ 2 _-m . Tl~us, \ve ~nny \I-rile 

JJ dbv~2(\v2-m~) x,“, (Y#“, 0, 0, 0) _ I< (8) 

‘- \v is ,&yl., ” 2 
whe I’c PA \.v,jih f)li: \3gv _ channel l:.i*icniatirnl iini<ularjtic:; relno\.Cd 

1-e) 

a,,c1 1,: c~+l,irtc:: tj,, poL::i~~je ~:irnt:,-I~but,io,i of a nii~~:;ci~i‘c right sigln~turc: fixed 

at ,T :: 0. I,, tbo a I,sc~ncc of iuch a fix.,1 pole: (R 7 0) WC h:ive, si.c. 

,- \\’ 
A 

I~--1 ( 
:;’ L, 0, 0 ,O) is !r:>s ii,i\~e ~ienlid‘~:Tlrlitc, 

9 

(\V?. 0, 0, 0) :- 0 (9) 

In Olh~!T \\.o,l<ts, n Zi!1’C~ Inns:;, 1 I clirity Ll iJomc-2.0tI cc8uj1lcs 5~ p;i~rti~:l,c only t~0 

it:sc:lT and not Lo m7y ol,licr ::t;Ll(: \vi~i~h diffk~rcllt IlliirS. 

In 1,llc in<~li,:: ivc proc~‘s 5 it ~1. b -- c ~1~ al,);lllin~ at illcidcllt cr~rrgy s, 

2 
Ir~n:rlrllLlllll I,‘iI,ii;I<,,’ q , anal Il>i:;si,,i: in;ls: IV, Il,c ai:ynr,7ioI.i~- l~chzruior 

Ike ,:;~,a;: fro111 l’i~~t~:c~~on csc:li;kn~:c (in f.11~ a-c ch~inn~l) i:i 
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2 d 0 
5 -03 IPacLF, (q2) Ii 

s __--.- 

dq2d\V2 

( ii + b -C 4 a~nything) - 
q2, w2 

__ 1637 ’ F(q2, W2) (10) 

fixed 
2,2. 

where p ,~~,(q2) is tllc two particle-Polmcron coupling and F(Cl I L\’ ) 1s pro- 
ZICi“ 

portional to At In l.he ab,sence of n J = 0 fixed pole 

F.iq2, 
> a(q2) I 

(\y~*, 0, q2, q2). 

--a(s2)2 
‘sV “) ;viLl v;3 Iii tli it 1 2 2 

q = 0 unl.css w :~ m 
b 

In the presence of a J = 0 fixed 

,““li!, !-(q* :: 0, \y”) decrcascs I;, :;t,cr than an); ,?“v.‘E’ as ‘AT2 -m and thus in any 

C;:s<z tl,c diffrzctive ~rrodllction of large missing mass will be supprcS”ed at 

10 ;” 
1.: 0. Thcrc is :ionic evidence :lh;.t diffractive p~cclu~:tion of t~hc N (1512) and 

pi “’ ( 1 h 8 8 j rc::‘o:~nncc:: in-+p collisions “dips” Rt q 2 
ts = 0. The data. are hardly 

~o~-~~ijcllj,,~ 03 t!;is paint, thoii~h tl!fy S.Tf :sn~:~,‘“live. l:hc: evidcncc at this 

ti~n-je is ag;ai~nst sucll R forward dip in diffracti~ve l~roducii~n of the Roper 

::: 
x (1.10:;) 

‘There iire some &her conclusions v.~lrich one may draw on the basis 

0 r cl :1x ii 1. g u 11-l e I, I. s Fj~rsl, since the rig!lt hamd side of (4) at <I z~ 0 nlust de- 

Cl,‘CilS~‘ fa s,:cr than a,ny ,Yl”‘YVC” of IL 
2 

, so milst t~hc left. If d is an ubjcct 

\\~lliC!, ,n;ry l,c c;chn,l~<<!rl in the ]“‘““!!‘S PolncTon (‘I 
2’ 

holicity =: .I- I) + b- _. 

I.‘c<, (0, cl:’ 2 
11 2 c-!.b, IhC!l t~hc: co1:pli1y g ‘id) vani r~hcs TOI- CId (0. 

Hclicity co;~p~:r~~i~l:ion in th<: P-‘olnc~ol-r-licfi::con-~l.~eC,~eon vertex rc 

quircs 1llC net lcllcity ch~!ng:, (c-d), to equal, 4- 1. 0: cuperin~lc:lt:~l inl~crcst -- 

2 2 2 is the vci.1.c’~ *nea?urcCl in in(,lu:;ive rc:act,ic,lls whc~c: ~1 :: o, =: ~1 < 0 and 
d c -- 

~;IICI.C c ;hnr! c! liri\,tl hc~licitii:s, c :~ CL ,(q2) :- -(I. TllL,:;, \\,!lel> “Jt!‘2) = ?, 
..__ I_~ ..-. -- 

our rcsu!l r~quir~:~3 111~ vanishin:; of ::I, 

, 7A1.,;(q2i 
“1<(‘,2),,11 (qZp (I21 q 2, wllich is 

I tit: cocfricic1,:t or thl: (!:/‘v\~‘~) (;~~Lj” 
‘(0) 

1 c I‘ 171 iI1 1,X]. IO ill 1!1C lnr::e 

2 
\‘t” linlit. I~‘l~i(:l~~Ol~leil~~l~l~:ii~;il ly, 

12 
!i/\\’ _: ;lllil lTl1-i:‘: lhis parti<:ular l~erm 
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(cor~r.~!:i’““Liii~:i: to :T .~,lip) sppezirs to be quilzc sizeable for non-zero t. 

Our cli :: w 5 :i io:, 5u r_ r ::; sts an analogy bct.wcen the Pomeron couplings 

anri tllot:e 0: tllc! phut.on. In clectroproduction one n~easures \*J2(q2, W2) in 

t i 1:: i i :~r i I: ;;> 7 e r c: 7 i i:) C: r! j :I (In). From the fact that the phot.on is coupled to a 

conserved ccl-rrat, it fo!lows Lhat \VL(O, W2) 
2 2 

vaAilics unl~cs s \V :: m 
P’ 

One 

In;:,)- i~l;tc::1‘t:?i:l 1liC iip::~!‘“l;:lioIl t:1zt in some consc a zero nmss l?omeron 

bcha\.cc a9 if it couylcs to a conical-vod current. A hosts of qu,“sliorls, such 

as ~4i~1ct:her or not thcrc is a con:;ei-ved charge associated ~y.,ith such 

are o;ic~lled \I!:. It yocs beyond the bounds of this note to evt2n begin 

crly 2ll?-,:‘cr t1,rse. 

a currellt, 

to prop- 

\‘Vc hz.vt; enjoyed discussions v.;ith Kozvr L)asl~cn, Fred Gilh3~Ian arid 

J oi’ IVc:i s. 
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‘I;‘iGUI?X CAL”,rloxs 
1-.--_,_ - 2 ,._, .~~.-_-._- 

Fi;iu”: 1: The a~bjorptive amI>l.itudc for a ,Rc;:gc-cm 01 nsomcntum q &3 “?ln -1 

7 
a(~]‘.‘), 1’; 

2 
-ch;~nncl 

a 
helicity 3, plus a spinless particl~r b to go to ~onxc 

sysLen1 0T Lhiri;gS of rnolnenLui-n q, an6 b. This is a f~~nction oi Lhc: 

mo~nrntum t~nnsfer t : (q 
2 

- q ) and the ericr:;y vi,ri;iblc 
a 0 

2 2 
Lv =~ (qil t pb) 

J7if;:ul.i. 2: ‘Tllil cnu~~Si!-i;~ oi a zero mxc s, hcl icit y -:, I 1Pomcron lo anoihi:r _- 

f’inl:~ron 0: (ma s !I ) 
2 

= t and lhc s):rl~clm r1i morl?cntil:n qc. ?‘I~1 e 

vanishill!; ai the Lri;~,lf P~r,mcron vcrtcx 1nt~itsu3~~d in inclusive 

rca,ct.ions requirc.5 this vert~c:i 1~0 b,c zi‘ro. 
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